Candida albicans is a commensal yeast that often colonizes various parts of humans, mainly epithelial, dermal or mucosal (oral cavity, gastrointestinal and genital tract etc.) tissues, but also an opportunistic pathogen that can be involved in a wide range of asymptomatic to severe, invasive infections in immunodeficient individuals. It exhibits certain unique properties such as phenotypic switching (crucial for avoiding the immune system), unique mating pattern (both asexual and sexual) and haploinsufficiency. This fungus has been also known to be a major cause of oral and skin infections, with a higher number of cases occurring in HIV positive individuals. Strains isolated from different parts of the body exhibit certain differences in their morphology and properties, among which, biofilms formation ability needs to be better understood in order to design efficient antifungal strategies. This review paper gives a brief description of various aspects of Candida albicans pathogenesis.
Introduction
Candida albicans is present in the microbiota of 80% of the healthy individuals (Odds, 1988) , but also, among the species of genus Candida, it is considered the most prevalent opportunistic fungal pathogen that could exhibit extreme virulence in humans (McCullough et al., 1996) , particularly in immunocompromised individuals. The normal colonization turns to an infection usually when there is a change in the environment which shifts the conditions sustaining an excessive growth of the microorganism. C. albicans possesses several virulence factors that aid the yeast in escaping the host's immune system. The prominent virulence factors are phenotypic switching, adhesins and biofilm formation, as well as the production of soluble enzymes (Zanni et al., 2017) . This paper aims to review the steps of C. albicans infections pathogenesis and the underlying virulence factors.
Clinical aspects of C. albicans infections
Candidiasis is a very common human infection which usually affects the oral cavity, esophagus, gastrointestinal tract, skin, vagina and even the vascular system. Four conditions can be termed as oral candidiasis: (1) pseudomembranous candidiasis (oral thrush) usually appearing as creamy white lesions on the oral mucosa. Most prominent diagnosing feature of this infection is that these plaques can be removed by gentle scraping. Examination of the scraped pseudomembranes reveals the presence of fungus (McCullough and Savage 2005; Reichart et al., 2000) ; (2) acute erythematous candidiasis. This form of infection usually occurs due to the lowering of the bacterial population in the mouth following the administration of broad spectrum antibiotics, giving the opportunity to C. albicans to grow and spread. The infection can occur on the mouth mucosa, but usually appears as reddened lesions on the dorsum of the tongue and also the palate (Reichart et al., 2000; Gableri et al., 2008) . Also this infection is prominent in HIV positive and AIDS individuals (Hodgson and Rachanis, 2002) ; (3) chronic hyperplastic candidiasis (candida leukoplakia) can occur on any mucosal surface and it appears as a white, smooth or nodular lesions which cannot be removed by gentle scraping. It is usually prevalent in middle aged men who smoke and usually has tendency towards a malignant transformation (Holmstrup and Bessermann 1983; Arendorf et al., 1983; Cawson and Binnie 1980); Sadik et al., / Rev. Biol. Biomed. Sci. 2018 1 (1) 11-16 12 (4) Candida-associated denture stomatitis, which is quite prevalent and does not reveal any symptom. It usually occurs in almost 65% of all the denture wearers, in which the stagnant area above the upper fitting surface of the denture serves as an ideal environment for the growth of Candida sp. cells (Webb et al., 1998; Radford et al., 1999) . In a study aiming to investigate the density of Candida sp. in periodontal pockets, healthy subgingival sites, and oral rinse samples in patients with untreated periodontitis, C. albicans was the prevalent species that was identified, being found in almost 46.7% of the periodontitis patients and 32% of the healthy subjects. The Multilocus Sequencing Typing (MLST) method analysis revealed that certain specific periodontal sites are specifically colonized by distinct Candida species that are not found on the oral mucosa or in other periodontal pockets, suggesting some specific enrichment of particular isolates or species at these sites. (McManus et al., 2012) . Secondary forms of oral candidiasis also occur frequently and are known as Candida-associated lesions. Angular cheilitis is a common Candida-associated lesion where lesions occur at the angles of the mouth. Microbiological examination usually reveals the presence of C. albicans along with Staphylococcus aureus strains (Dias and Samaranayake, 1995) . Another such secondary infection is the median rhomboid glossitis, which is a chronic condition. It usually appears as a diamond-shaped lesion at the posterior midline on the dorsum of the tongue (McCullough & Savage, 2005) . Some associations between C. albicans and linear gingival erythema have also been found. However, this condition is more commonly seen in HIV patients (Grbic et al., 1995; Velegraki et al., 1999) . Other species of Candida genus have been known to cause some serious skin infections. Cutaneous candidiasis is caused by endogenous, saprophytic Candida blastopores which are selectively found in oral, gastrointestinal, vaginal, and cutaneous epithelium. Other studied species such as C. tropicalis, and C. parapsilosis did not revealed the ability of adherence to the human skin (Raz-Pasteur et al., 2011) . In HIV-infected patients the spectrum of C. albicans infections varies from asymptomatic to severe ones. In a study conducted on 165 HIV patients, it was observed that 80 patients had C. albicans infection, which was the most commonly observed (Anwar et al., 2012) . Another study had reported that asymptomatic carriage of Candida species was quite common in case of HIV positive patients. A very high rate of oropharyngeal carriage of Candida was observed in HIV positive patients. Also it has been further revealed that persistent asymptomatic carriage of Candida species is often a possible risk factor for subsequent oral infections. In a study conducted in HIV-infected subjects in Nigeria, it was seen that almost 60% of the patients had oropharyngeal infection and C. albicans was the most predominant species (Nweze and Ogbonnaya, 2011) .
Apart from C. albicans, another species that was identified in these patients was C. tropicalis. It has been demonstrated that the status of oral Candida carrier was not associated with the number of CD4+ lymphocytes or with the viral load (Costa et al., 2006) . In another experiment, the researchers observed a low rate of oral Candida carriage in patients infected by HIV who were on highly active antiretroviral therapy (Ribeiro et al., 2015) . A number of 43 C. albicans isolates from animals, including mammals and avian species with diverse global distribution were compared with human isolates using MLST method. The analysis indicated that C. albicans isolates from animals showed a trend towards genetic separation from isolates that colonize and infect humans, while still maintaining some common traits, i.e. C. albicans isolates associated with animals undergo evolutionary change in the direction of greater adaptation to their non-human hosts (Jacobsen et al., 2008) . Studies have shown that pre-treatment with Lactobacillus sp. is quite successful in preventing C. albicans infection. They were successful in protecting human oral mucosa cells against damage caused by C. albicans infections and it was seen that inflammatory reactions were milder even without the treatment. It was found that after consuming yoghurt (containing L. acidophilus) there was a threefold decrease of vaginal candidiasis as compared to the control group (Cartwright, 2010) . In animal studies, the presence of probiotic bacteria (Lactobacillus acidophilus, L. reuteri, L. casei, or Bifidobacterium animalis) in the gastrointestinal tract prolonged the survival of adult and neonatal immunodeficient mice compared to that of isogenic mice which were colonized with C. albicans alone. It was also observed that the population of the fungus was significantly reduced in the case of mice treated with probiotic bacteria. Although the probiotics were not able to prevent candidiasis, however they were able to reduce the number and severity of the mucosal and systemic infections, to prolong survival of mice and modulate the immune responses (Wagner et al., 1997) . However, one noteworthy point was that the probiotic bacteria did not inhibit the growth of the fungus directly. Rather there was a competition with the fungus for the common nutrients and adhesion sites. The reduced ability to attach to and enter mucosal cells was one of the major factors largely responsible for the greatly reduced damage to the mucosal cells (Schaller 2015) .
Pathogenesis of C. albicans infections

Biofilm formation by C. albicans
Biofilms usually serve as safe, protective niches for microorganisms, where they are safe from the action of host defence mechanisms, antimicrobials and of other treatment options. Extensive studies have revealed that biofilms have a heterogeneous architecture made of both Reviews in Biological and Biomedical Sciences cellular as well as non-cellular elements (Chandra et al., 2001) . Biofilm formation takes place in three distinct stages: early, intermediate and maturation which however can be further subdivided into: initial adherence, proliferation, colonization, maturation and ultimately dispersion. First the fungal cells need to adhere to a suitable surface (cellular or inert such as medical devices). This initial attachment is mediated by both nonspecific mediators as well as specific fungal adhesins. This initial attachment is followed by cell division, proliferations and biofilm development. The biofilm formation begins with the majority of C. albicans cells present in the form of spores. These spores would slowly develop into microcolonies within a time period of 3-4 hours. This will be followed by appearance of thick tracks of fungal growth (due to cell growth and aggregation) within 11 hours. This will then be followed by appearance of non-cellular material or matrix, mainly composed of cell wall like polysaccharides (mannan and other glycans) which appears like a haze-like film that is covering the fungal microcolonies within 12-14 hours. This intermediate stage is followed by a maturation phase in which the amount of the extracellular material increases, strongly encasing the fungal bodies (yeast cells and hyphae). Thus, this extracellular material encasing the fungal cells constitutes the mature C. albicans biofilm (Chandra et al., 2001) . The structural complexity of the biofilm seems to facilitate the influx of nutrients and the waste disposal (Ramage et al., 2005) . Attachment of the pathogenic organism to the host cell proteins reduces chances of its clearance by the host immune system (McCullough et al., 1996) .
Phenotypic switching in C. albicans and underlying molecular aspects
It is well known that phenotypic plasticity is a unique feature of many fungal species. C. albicans is an extremely versatile, dimorphic yeast that can survive as a commensal in various environments. In addition to usual switching from the yeast form to the various filamentous forms, C. albicans also undergoes a phenomenon termed as phenotypic switching. The phenotypic switching in C. albicans isolates was first observed 1985, and was defined as the capacity to undergo spontaneous, reversible transitions between a fixed numbers of colony morphologies (Soll, 1992) . This refers to a visible change in the morphology of the colonies. A single cell can give rise to various types of colonies. It has been observed that this switching occurs spontaneously at frequencies well above those produced by point mutation and is reversible in nature. Further, a cell obtained from a distinct type of colony, when re-cultured, produces the same type of colony thus depicting that variant colony morphology, once formed, gives rise to the same type of colony. There are several attributes that enable C. albicans to rapidly change its morphology such as it can rapidly switch from a unicellular form or yeast to a multicellular form having filaments or hyphae. Low doses of UV radiation can stimulate phenotypic switching and this switching can also take place at the site of infection thus indicating that it has role in pathogenesis also. The two most common phenotypic switching observed are the white-opaque transition and 3153A-type switching. On researching the mechanisms that regulated the phenotypic switching it was found that defects in the SIR2 gene lead to high a frequency of phenotypic switching, while deletion of this gene leads to a high number of karyotypic changes.
These results indicate that this gene is involved in phenotypic switching (Pérez-Martín et al., 1999) . The hyphal growth phase is characterized by the expression of genes that code for proteins, adhesins and secreted aspartyl proteinases (SAP). Both genetic and chromatin modifying elements (transcription factors, DNA methylation, histone modifications, and chromatin remodelers etc.) are involved in the regulation of yeasthyphae transition. It can be thus concluded that C. albicans itself undergoes significant epigenetic changes while switching their phenotype from a commensal to a pathogen. White opaque transition refers to two distinct morphologies of the colonies. Apart from morphological distinctions, both of these colonies differ in their mating preferences, their ability to colonize, survive in specific host niches, and susceptibility to various host defense mechanisms (which include neutrophils and macrophages). All the evidence points in the direction that this switching evolved as a survival strategy to avoid assault from immune response. The acetylation level of H3K56 is critical in maintaining the opaque form. In addition, opaque cells have less chromatin bound histone H3 than the white cells across the promoter of several genes. Therefore, it is possible that, interplay between H3K56ac levels and H2A.Z deposition may be a key regulator in maintaining this morphological transition in C. albicans (Brown, 2002; Sasse et al., 2013; Stevenson and Liu, 2011; Rai et al., 2018) . Earlier it was stated that C. albicans exhibited only asexual mating and existed only in the form of an obligate diploid being thus considered that it is extremely sensitive to a 50% loss in gene product. However, it has been shown that haploinsufficiency is quite prevalent in C. albicans. This could be explained by a transfection effect that could be responsible for depressing gene expression from the intact copy of the gene when the other copy is deleted or has undergone a transposon insertion. Last but not the least, the two alleles of a gene could have differentiated encoding proteins that have subtly different functions (Uhl et al., 2003) . Researchers have found that a total of 69 genes (representing ∼10%), including 47 small and 22 large size mutants found in haploinsufficient C. albicans are important for virulence or adaptation in the human host. It was proposed that virulence defect in small size mutant could be linked to the reduced contact surface of C. albicans, with either host cells or medical devices in case of biofilm infections. In the genome wide survey it was found that out of a total of 300 (43.8%) dispensable genes, only 87 Reviews in Biological and Biomedical Sciences (12.7%) essential genes were haploinsufficient for size. Overall, it was found that the conserved regulators (Sch9, Sfp1, Cln3) and biological processes (ribosome biogenesis and cell cycle control) were required to maintain size homeostasis in this opportunistic yeast. There has been found a mating locus similar to that of sexually reproducing yeast and it was revealed that C. albicans strains could reproduce sexually too. Scientists also found that several aspects of C. albicans mating were unique for this pathogen. Further studies have indicated that C. albicans strains have developed mating in order to survive in certain specific regions of the host where mating must take place in less than optimum conditions (Bennett and Johnson 2005) . The phenotypic switching -white-opaque cells and the colony morphology change -were not frequently found among C. albicans isolated from HIV-infected patients and also from healthy individuals (Vargas et al., 2000) . C. albicans strains isolated from HIV-positive patients indicated that they had a higher cell growth rate as compared to strains isolated from HIV-negative individuals. In order to understand the phenotypic and genotypic relationships in C. albicans virulence, there has been conducted an experiment including two types of C. albicans strains, i.e. strains isolated from blood stream infections in hospitalized patients, referred as S (systemic) strain and strains isolated from women with vaginal infections diagnosed in a community clinic, designated as M (mucosal) strains. Adhesion property of these two types of strains were studied using two cell lines, human mouth epithelial cells (BEC) and human skin epithelial cell line-the HaCat cell line. As for the BEC cells, there was no difference in the adherence property of the two types of strains, however, M strains showed higher adherence capacity to HaCat cells. Production of hydrolytic enzymes was seen to be higher in the S strains. The S strains were prominently white type colony. All S strains were diploid and a half of the studied strains in this group had higher DNA content than the diploid control strain, with a statistical difference between the S and M groups (Mandelblat et al., 2017) .
Soluble enzymes involved in the pathogenesis of C. albicans
There are a number of virulence factors such as exoenzymes -phospholipase, proteinase and DNA-se, and the exotoxin haemolysin that contribute to the fungus pathogenicity. It has been shown that C. albicans strains isolated from HIV patients had less hemolytic activity (Wibawa and Aman 2015) . In a study performed on C. albicans isolates recovered from HIV-infected women undergoing HAART therapy and HIV -uninfected women, it was found that the strains from the HIVpositive women showed higher proteinase activity, lower capacity to form biofilms and germ tubes. Overall the obtained results indicate that the fungal strains isolated from HIV-positive women might have a lower virulence (de MeloRiceto et al., 2016) . However, depending upon the different clinical samples, different levels of the soluble virulence factors have been observed. For example, in the samples obtained from the oral cavity of HIV-negative and -positive individuals the exoenzymes phospholipase, proteinase and DNA-se, and the exotoxin haemolysin were expressed at higher level in the HIVpositive patients, results which are contradictory to previous observations (de Paula Menezes et al., 2016) .
Conclusions
C. albicans is a commensal organism and the most common fungal species found in/on living humans. Usually nonpathogenic, C. albicans can produce serious infections in immunosuppressed patients, being a prevalent cause of oral and skin infections. Adhesion to different viable and inert substrata and biofilms formation are important features of C. albicans infections. This yeast species also expresses phenotypic switching, a change in morphology and cell wall components which enables it to strongly adhere at substratum and escape detection and elimination by the immune system. Several environmental, genetic and epigenetic factors regulate the switching of the phenotype of this yeast. The intimate mechanisms of these pathogenic features need to be better understood in order to design efficient antifungal strategies.
